INTRODUCTION
Myxococcus xanthus is a soil-dwelling Gram-negative bacterium with a highly regulated social behaviour (Shimkets 1999; Dworkin 2000) . During vegetative growth, cells migrate in swarms by gliding on semi-solid surfaces in a complex social pattern. In the manner of a pack of wolves, they surround and lyse their prey by means of numerous lytic enzymes which are secreted into the environment. Nutrients diffuse outwards, reaching every member of the swarm. Upon nutrient starvation, cells aggregate to central points and form fruiting bodies within which cells differentiate into myxospores. In soil, the natural environment of this bacterium, inorganic phosphate (Pi) is the critical limiting nutrient for biological growth. Soil bacteria have evolved complex regulatory systems for using this limited nutrient (Hulett 1995) , which is often present at levels two to three orders of magnitude lower than those of other required ions (Ozanne 1980) . It is essential that the myxobacterial population be able to estimate and utilize accurately the phosphate available in the environment in order to make the best developmental decision.
In order to understand the regulation of phosphate and, in particular, its in¯uence on the developmental process of M. xanthus, the focus of this study was to look for genes related to phosphate uptake. Clones with phosphatase activity in a library of Myxococcus chromosomal DNA were screened in Escherichia coli DH5, constructed as described in the Material and Methods section. BCIP (5-Bromo-4-chloro-3-indolyl phosphate) was used as substrate. The product of the enzymatic reaction, 5-Bromo-4-chloro-3-hydroxy indole, rapidly condenses and becomes an insoluble derivative of indigo blue (Ho and Huang 1983) . As a consequence, colonies growing on plates that contain this chromogenic substrate turn blue whenever Pi is released, indicating the presence of phosphatase activity (Lee et al. 1999) . This search led to the isolation of several blue E. coli colonies from the M. xanthus library. Subcloning and sequencing revealed several genes coding for different enzymes involved in phosphate metabolism (unpublished results).
One of these isolated transformants, which displayed a weak blue colour phenotype on plates containing BCIP, carried a plasmid with an M. xanthus DNA fragment that included three open reading frames (ORF) with a typical myxobacterial codon usage. One of them had a prokaryotic signal peptide in the amino terminal sequence containing a putative lipoprotein cleavage site. In prokaryotes, membrane lipoproteins are synthesized with a precursor signal peptide which is cleaved by a speci®c lipoprotein signal peptidase (signal peptidase II). The peptidase recognizes a conserved sequence and cuts upstream of a cysteine residue to which a glyceride fatty acid lipid is attached. Proteins known to undergo such processing are widespread and play a variety of roles, mainly protein secretion and transport (D'Enfert and Pugsley 1989; Chen et al. 1996) , type IV pilus expression (Ramer et al. 1996; Roine et al. 1996; Wyckoff et al. 1999) or invasiveness (Dae¯er and Russel 1998; Schuch and Maurelli 1999) . Phosphate-related functions, such as phosphatase (Malke 1998) or phosphomonoesterase (Reilly et al. 1999) , have also been reported. In M. xanthus, several lipoproteins are known to have roles related to adhesion, gliding or development (Hanlon et al. 1995 (Hanlon et al. , 1997b Quillet et al. 1997; Rodriguez-Soto and Kaiser 1997a; Rodriguez and Spormann 1999; White and Hartzell 2000) . A signal peptidase II is also known to exist in this micro-organism (Paitan et al. 1999) .
In this paper, a new putative lipoprotein in M. xanthus is reported. It is hypothesized that this membrane lipoprotein may be involved in phosphate uptake, especially in the secretion of extracellular phosphatases coded by closelylocated genes.
MATERIALS AND METHODS

Bacterial strains, growth conditions and plasmids
Myxococcus xanthus DZF1 (sglA1/pilQ; a strain derived from DK101) (Inouye et al. 1979; Wall et al. 1999 ) was grown in Casitone-yeast extract (CYE) (Campos et al. 1984) at 28°C, supplemented with kanamycin sulphate (40 lg ml ±1 ) (Sigma) when necessary. Escherichia coli CL83 (Lerner and Inouye 1990 ), DH5 and DH5 (Hanahan 1983) were used as recipient strains for transformations. Cells were grown in LB medium (Miller 1972) supplemented when necessary with ampicillin (50 lg ml ±1 ) (Sigma). Chromosomal DNA fragments were cloned and subcloned using pUC19 (Vieira and Messing 1982) .
DNA manipulation and sequencing
Chromosomal DNA was prepared as previously described by Avery and Kaiser (1983) . Southern blot analysis was carried out using the method of Southern (1975) . The DNA sequence was determined in both strands by the dideoxychain termination method (Sanger et al. 1977 ) with doublestranded DNA and synthetic primer oligonucleotides, and using an automatic DNA sequencer ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction (Perkin Elmer, Madrid, Spain). Other DNA manipulations were carried out using methods described previously (Maniatis et al. 1982) .
Construction of a partial genomic library
A genomic library of M. xanthus chromosomal DNA was constructed by ligating partially Sau 3AI-digested chromosomal DNA into the Bam HI site of pUC19 and transforming E. coli DH5 with this pool of plasmids. The library was screened for clones with phosphatase activity by plating cells on LB medium with 40 lg ml ±1 BCIP (5-Bromo-4-chloro-3-indolyl phosphate) (Sigma).
Nucleotide sequence accession number
The nucleotide sequence data presented in this paper have been deposited in the GenBank database and listed under accession number AJ133132.
RESULTS AND DISCUSSION
A genomic library was constructed in order to search for clones with phosphatase activity. The library was screened for clones with phosphatase activity by plating E. coli DH5-transformed cells onto LB medium supplemented with BCIP. Colonies that turned blue were selected. Several plasmids were isolated and one of them, named p21, is the subject of this paper. The plasmid (5á8 kb) was shortened down to the minimal DNA fragment with phosphatase activity. In this manner, a Kpn I±Kpn I 0á8 kb fragment was released and the plasmid re-ligated. This new plasmid (p21D) was mapped and sequenced. The nucleotide sequence of 1617 pairs of bases encompassing several open reading frames (ORF) was thus determined (Fig. 1) .
Because M. xanthus presents a high G-C content (Inouye et al. 1989) , the codon usage of the different ORFs was checked. Of the ®ve ORFs studied, three (ORF 2, 3 and 4) showed a high frequency of either G or C in the third position of codons, which is a typical myxobacterial codon usage. The nucleotide sequence of ORFs 2, 3 and 4 and their deduced amino acid sequences were subjected to BLAST and FASTA net searches of the databases (Altschul and Lipman 1990) . Since ORF 3 showed no similarity with any known sequence, its study was postponed. ORF 4, with a 70á4% G-C content at the third codon position, had an amino terminal hydrophobic amino acidic sequence. This sequence included a typical prokaryotic membrane lipoprotein lipid attachment site (Fig. 2) . ORF 4 was therefore re-named mlpB (M. xanthus lipoprotein B). The letter B was chosen because mlpA had previously been described in M. xanthus and named thus because of its structural similarity with a major outer membrane lipoprotein of E. coli (Hanlon et al. 1995) . The hydrophobicity pro®le (Kyte and Doolittle 1982) indicates a single membrane spanning region covering the 19 amino acid N-terminal peptide sequence, which is removed afterwards by a signal peptidase II. The resulting cysteine residue will be covalently bound to a glyceride-fatty acid lipid. ORF 2 was located 104 nucleotides upstream of mlpB and had a G-C content of 74á8% at the third codon position. The database search revealed homology from residue number 24 onwards with a series of other described genes with related activities such as phosphatases, phosphotransferase, pab, acyl transferase, methyl transferase or kinases (Fig. 3) (Zhang et al. 1990; Au et al. 1991 ; Summers et al. Fig. 2 Alignment of the signal and amino terminal sequence of the putative product of mlpB (MlpB) and different prokaryotic membrane prolipoproteins: major outer membrane lipoprotein, Escherichia coli, pullulanase, Klebsiella pneumoniae; cytochrome subunit of the photosynthetic reaction centre, Rhodopseudomonas viridis; penicillinase, Bacillus licheniformis; H8 outer membrane protein, Neisseria gonorrhoeae; halocyanin, Natronobacterium pharaonis; mlpA, Myxococcus xanthus. The arrow and line indicate the cleavage site for the signal peptidase II, and C is the lipid attachment site
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273 A P S A R P P G A P T R G A S G P T X T A S F A A S P S R P pab gene (S.griseus ) 250 A R P P P S A R R S R S G R T P R P P G P R R R R P G A R R pho A gene (L.enzymogenes) 169 G P S G Y A W A S S S S S W P A T T R W C X P A A A A T S S p21D (M.xanthus ) 118 S G T S P A M T P G R N A F C Streptomycin-6-phosphotransferase (S.griseus ) 313 P G C P P G R R P C P P V P C Protein Kinase (Pseudonabies virus genome) 303 P T X R A T R A P C A A P S L pab gene (S.griseus ) 279 R * R T P V A A S A R P G S C phoA gene (L.enzymogenes ) 198 C S K A S T * T S A A S P P A Fig. 3 Comparison between the putative product of ORF 2 and those of various described genes with the common feature of being phosphate related. Black boxes indicate identity. Shadowed boxes show homology. M. xanthus, Myxococcus xanthus; S. griseus, Streptomyces griseus; L. enzymogenes, Lysobacter enzymogenes 1992; Criado et al. 1993; Robertson et al. 1994) . ORF 2 retains 20±25% identity and 70±80% similarity with these genes over the entire length of the sequence obtained. It should be noted that the secretion machinery required for the translocation of proteins across the outer membrane of Gram-negative bacteria contains lipoproteins (D'Enfert and Pugsleys 1989; Allaoui et al. 1992; Hu et al. 1992) . During development and vegetative growth, M. xanthus is known to secrete proteases and other lytic enzymes into the medium. It would therefore be interesting to determine whether MlpB is associated with protein secretion across the outer membrane. If so, it would not be surprising to ®nd that MlpB is speci®cally involved in the secretion of phosphatases and related proteins. In this regard, mlpB is located very close to ORF 2, a gene which is very probably involved in phosphate uptake according to sequence comparison and phosphatase activity (measured by the blue colour obtained when BCIP is hydrolysed). Several examples have been described where the gene coding for a membrane lipoprotein has been located very close to, and even transcribed in the direction opposite to the gene coding for the secreted product for whose secretion the lipoprotein is required (D'Enfert et al. 1989; Allaoui et al. 1992; Hu et al. 1992 ). This could very well be the case with mlpB and ORF2. Further studies, which would include mlpB and ORF2 deletion mutants, could corroborate this point and provide more information about the role of this new lipoprotein of M. xanthus.
